ABSTRACT. Accelerator mass spectrometry (AMS) was introduced at Yamagata University in 2010, including the measurement of radiocarbon. In the Yamagata University laboratory (YU-AMS), the application of 14 C AMS is aimed at microdose pharmacokinetics investigation and the development of improved sample preparation techniques. The lab also measures environmental samples. With the installation of this AMS system, a new automated sample production system was installed, which is composed of an elemental analyzer, a glass vacuum line, and an isotope ratio mass spectrometer (IRMS). In this system, it is also possible to measure stable isotopes (δ 13 C, δ 15 N, and δ 34 S) of the sample gas using a mass spectrometer. To increase the amount of CO 2 gas introduced into the glass vacuum line, the gas mass flow introduced into the MS was reduced, and the change of δ 13 C accompanying this reduction was monitored. The sample gas split was changed to set the glass vacuum line (GVL):isotope ratio mass spectrometer (IRMS) ratio to 5:5, 8:2, and 9:1, and δ 13 C was measured for each ratio. It was confirmed that there was no effect on the isotopic fractionation accompanying the change in the sample gas split ratio. To prioritize the use of gas in the production of graphite, the GVL:IRMS ratio of 9:1 was chosen for this setup. The components are connected on-line, and up to 20 samples can be processed automatically.
INTRODUCTION
Since Aerts-Bijma et al. (1997) reported sample combustion using an elemental analyzer (EA), the introduction of an automated CO 2 collection system has been carried out in various laboratories (Gagnon et al. 2000; Hong et al. 2010) . A fully automated sample combustion, CO 2 collection, and graphitization system was recently reported by Wacker et al. (2009) . An automated sample preparation system and a compact accelerator mass spectrometry (AMS) system were introduced into the YU-AMS laboratory in 2010 (Tokanai et al. 2011) . The advantage of an automated system is that it makes sample production more reproducible. Although the procedure from sample pretreatment to graphitization is performed by one person at YU-AMS, many sample production processes can be performed stably using this automated system. The automated sample preparation system ( Figures 1A and 1B) is composed of an elemental analyzer (Vario MICRO cube, Elementar), an isotope ratio mass spectrometer (IRMS; Isoprime Ltd.), and a glass vacuum line (GVL; Koshin Rikagaku Seisakusho Co., Ltd.). Samples are combusted in the EA. The sample gas is then separated into nitrogen, carbon dioxide, and sulfur dioxide using a temperature-programmed desorption (TPD) column. The sample gas generated in the EA is introduced into the GVL and IRMS at rates of 90% and 10%, respectively. The EA and IRMS are controlled by software (Vario MICRO and IonVantage, respectively) , and the GVL is automated by the sequence control. Blank processing is carried out after sample processing to prevent cross-contamination owing to the memory effect that may arise in the adsorption column of the EA. Up to 20 samples can be processed in ~12.5 hr (Kato et al. 2012 ) and the graphite production rate is 60 samples per week. The carbon dioxide generated in the EA is distributed to the GVL and IRMS. In the usual EA-IRMS system consisting of a Vario MICRO cube and the Isoprime, 50% of total helium carrier gas flow is introduced into the IRMS from the EA, which is the default setting, and stable isotope measurements are performed. However, in YU-AMS, to prioritize gas use over graphite production, the gas volume introduced into the IRMS is changed to 10%. In order to prevent isotopic fractionation of δ 13 C by changing the split ratio, δ 13 C measurements were performed at a split ratio of 5:5 (GVL:IRMS) of the default setting and at 9:1 as a maximum setting to deliver CO 2 to the GVL. 
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Figure 1 (A) An overview photograph of the automated sample production system, and (B) shows a schema tic image of this system. The automated sample preparation system is composed of the EA, IRMS, and GVL. Since a maximum of 20 sample adjustments are possible, a sample is wrapped in tin and set in the autosampler of the EA. Sample gas is introduced into the GVL and IRMS at rates of 90% and 10%, respectively. In the GVL, recovery and volume measurement of CO 2 are performed and CO 2 is subsequently moved to the collection port. Recovery and movement are performed using liquid nitrogen and controlled by the sequencer program. As for the gas introduced into the IRMS, stable isotope measurements are performed using software (IonVantage).
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METHODS
International standard samples (IAEA CH-7, IAEA CO-8, and IAEA C-6) and sulfanilamide, a standard reagent of EA with an unknown δ 13 C, were used for measurement. The EA and IRMS were used for CO 2 sample gas production and δ 13 C measurement, respectively. With helium carrier gas flow at a rate of 200 mL/min, CO 2 emitted from the EA's adsorption column was introduced to the IRMS to measure δ 13 C as well as into the GVL. With the current equipment, the gas volume introduced into the MS usually allows to perform stable isotope measurements using 50% of the emitted CO 2 . This setup corresponds to the gas split ratio of 5:5 in this study. The split ratio was changed to set the GVL:IRMS ratio to 5:5, 8:2, and 9:1. After adjusting the flow of He carrier gas discharged from the EA to the flow corresponding to each split ratio, δ 13 C measurement was carried out for each split ratio. Measurement at a split ratio of 8:2 was also performed as a reference to verify that the results were not influenced by the split ratios.
RESULTS AND DISCUSSION
The value of reference gas was determined using the value of CH7, C08, and C6 references at all split ratios. Although some differences were observed for δ 13 C, its dependence on the split ratio was not observed (Figure 2 ). The measurement was performed three times at each distribution ratio and split ratio, and nine measurement results were obtained on the whole. The average of these nine measurement results was determined. Measured values agreed with the 1σ range relative to the nine measurements. The recommended δ 13 C values of CO8 and CH7 are in the 1σ range, and that of C6 is in the 2σ range. However, some of the measurement results of the split ratio of 8:2 were outside the 1σ range. Although the recommended δ 13 C value of C6 is outside the 1σ range of measurement values (Figure 2c ), the reason for this difference between measured value and a recommended value has not yet been identified. Table 2 Graphite quality comparison between batch method and automated graphite production system. The result of the batch method is reported by Tokanai et al. (2011) . The isotopic measurement results of CO8, CH7, and C6 at the split ratio of 9:1 were confirmed to be generally in agreement with the recommended values (Figure 3) . From the results, it was confirmed that the isotopic fractionation accompanying the change in split ratio had not occurred. To prioritize gas use over graphite production, the GVL:IRMS ratio was set to 9:1 in the setup. Figure 4 shows long-term changes of δ
13
C of C6 (n = 75) and C7 (n = 45) with a distribution ratio of 9:1, from which the measured values of C6 and C7 were confirmed to be stable. However, the difference in the δ 13 C of C6 is larger than that of C7, which may be reflected by the difference in standard deviation between C6 (0.5) and C7 (0.2). Table 1 shows the δ 13 C results obtained by continuous measurement of a different standard specimen. Since the absence of cross-contamination by the residual gas that may exist in the EA adsorption column was confirmed, the measured δ 13 C value is not affected by the different δ 13 C values. Despite confirmation of this efficient sample gas collection, blank processing was performed after sample processing. Table 2 shows the measurement results of the IAEA C series standard obtained by a batch method and the automated system. Since these results mostly agree with the consensus value, the measurement that uses the C series has been performed periodically and the result has been reported by Tokanai et al. (2013) . Although the reason for the deviation of the values of C2, C4, and C7 from the consensus value in Table 2 is unknown, the agreement between the measured values and recommended values over a long period of time (Tokanai et al. 2013) confirms the validity of sample production using the automated system presented.
CONCLUSION
The results obtained confirmed that isotopic fractionation had not occurred due to the change in split ratio. To prioritize gas use over graphite production, the GVL:IRMS split ratio was set to 9:1 in the setup. Since the pMC value of the IAEA standard obtained with the automated system agrees with the recommended value, the validity of this automated system is confirmed.
